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1.0 INTRODUCTION 

This User Manual documents the FORTRAN programs RANDOM3 and 
RANDOM4. They are based on fatigue strength reduction, using a probabilistic 
constitutive model. They predict the random lifetime of an engine component to reach a 
given fatigue strength (see Section 2.0, Theoretical Background). 

I n c l d  in this Manual axe details regarding the theoretical backgrounds of 
RANDOM3 and RANDoM4, input data instructions and sample problems illustrating the 
use of RANDOM3 and RANDOM4. Appendix A gives information on the physical 
quantities, their symbols, FORTRAN names and both SI and U.S. Customary units. 
Appendix B and C include photocopies of the actual computer printout corresponding to the 
sample problems. Appendices D and E detail the IMSL, Version 10 l ,  subroutines and 
functions called by RANDOM3 and W M 4  and S A S E M H  programs that can be 
used to plot both the probability density functions (p.d.f.) and the cumulative distribution 
functions (c.d.f.). 

1 
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2.0 THEORETICAL BACKGROUND 

Fatigue strength data are usually presented as cycles to failure for each of several 
stress amplitudes, the familiar S-N diagram. Results indicate that for lower stress 
amplitudes the cycles (or time) to failure increases. Thus, a power curve fit through the 
data yields a monotonically decreasing curve. In general, this curve is represented as 

where the primitive variables in this equation are as follows: S is the applied constant 
amplitude alternating stress at failure or fatigue strength, N is number of cycles, C is a 
material parameter that varies from specimen to specimen and m' is a material constant.3 
Equation (6) can be written in terms of "cycles to reach a given fatigue strength" as 

Recently another fatigue strength reduction model has been proposed that takes into 
account the effect of temperam as well as other parametess that affect strength.4 The 
general form of the constitutive relationships for this model is applied to the constituents of 
high temperame composite materials. Specifically, it is applied herein for the case of a 
single material constituent. The mechanical praperty of interest is fatigue strength which is 
expressed in terms of primitive variables, including the general categories of temperature, 
mechanical cycles and mean stress. For these categories, the relationship becomes 

where S is the applied constant amplitude alternating stress at failure (fatigue strength) at 
current (or o p t i n g )  temperature, T, mean stress, a, and mechanical cycle, NM. So is 
fatigue strength at reference temperam, TO (usually room temperam), reference mean 
stress (or residual stress), 00, and reference mechanical cycle, NMO. Also, TF is the final 
or melting temperature of the material, SF is the final or tensile strength of the material, and 
N m  is the fmal mechanical cycle or lifetime. Empirical parameters, n, m, and q, are 
detexmined from available experimental data or estimated from anticipated Wavier of the 
particular product term.5 Note that the term containing mechanical cycles is expressed in 
terms of the log of cycles rather than cycles. This formulation is attractive when NM and 
NMO are smaU compared to Nm. The equation may be solved for NM, or the "cycles to 
reach a given fatigue strength." The expression is 

N = 10 exp 

2 

"11 (9) 
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For values typical of a cast nickel base-superalloy subjected to typical loads and 
temperatures, equation (9) indicates increasing life for decreasing temperam, decreasing 
tensile mean stress, and decreasing applied alternating stress. It indicates decreasing life 
for increasing temperature, decreasing compressive mean s m s ,  and increasing applied 
alternating stress. Therefore, equation (9) predicts observed trends in general. 

Probabilistic analysis, via simulation, yields the distribution of the dependent 
random variable, cycles, N. A probability density function @.d.f.) of cycles is generated 
using the maximum penalized likelihood method for RANDOM3. For RANDoM4, a 
p.df. of cycles is generated using the maximum entropy method. Maximum entmpy uses 
Japes' principle which says that "the minimally prejudiced distribution is that which 
maximizes the entropy subjected to the constraints supplied by the given 

3 
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3.0 INPUTDATA 

Data input for RANDOM3 and RANDOM4 is user friendly and easy to manipulate 
(see, for example, the file entitled NORMAL.INP, in Section 4.0). The fmt twelve lines 
of input have the same format, 2E12.4 and the last two lines differ. The last two lines of 
input have the foxmats 13,2X,13,2X,2E12.4,2X,I3 and 13, respectively. A brief, line by 
line description is given along with an example for each line (NOTE: the ruler is to aid the 
user in formatting and is not a part of the input). A table listing the physical quantities, 
their units and symbols is given in Appendix A. 

1. Random Number Generator Seed, ISEED, and Sample Size, NTOT 

EXAMPLE: 

123456789012345678901234567890 
1 40 

2. Ultimate Tensile Strength, SF 

EXAMPLE: 

123456789012345678901234567890 
900.0000 45.0000 

3. Log of Final Cycle, NMF 

EXAMPLE 

123456789012345678901234567890 
8.0000 0.8000 

4. Reference Fatigue Strength, SO 

EXAMPLE: 

123456789012345678901234567890 
500.0000 25.0000 

5. Log of Reference Cycle, NMO 

EXAMPLE: 

123456789012345678901234567890 
7.0000 0.7000 

4 
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6. Current Fatigue Strength, S 

EXAMPLE: 

123456789012345678901234567890 
250.0000 12.0000 

7. Residual Compressive Stress, SIGO 

EXAMPLE: 

123456789012345678901234567890 
20.0000 1.0000 

8. Current Mean Stress, SIG 

EXAMPLE: 

123456789012345678901234567890 
150.0000 7.5000 

9. Tempemture Exponent, XXN, Stress Exponent, XXM, and Cycle Exponent, XXQ 

EXAMPLE: 

123456789012345678901234567890 
0.5000 0.0150 

10. Melting Temperature, TF 

EXAMPLE: 
123456789012345678901234567890 

1500.0000 75.0000 

11. Reference Temperam, To 

EXAMPLE: 

123456789012345678901234567890 
20.0000 0.6000 

5 
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12. Current Temperature, T 

EXAMPLE: 

123456789012345678901234567890 
850.0000 25.0000 

13. The DESPL1 parameters are NODE, INIT, ALPHA, EPS, and MAXIT and are 
entered in that order as follows: 

EXAMPLE: 

1234567890123456789012345678901234567890 
21 0 20.0000 1.OE-05 30 

14. The DESPL parameter, IOPT, is entered as follows: 

EXAMPLE: 

1234567890 
2 

6 
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4.0 SAMPLE PROBLEMS FOR RANDOM3 AND RANDOM4 

The objective of these programs is to predict the random lifetime to reach a given 
fatigue strength for an engine component. The theory is based on fatigue strength 
reduction, using a probabilistic constitutive model. The only difference between 
RANDOM3 and RANDOM4 is the method used to generate p.d.f. estimates. RANDOM3 
uses maXimUm penalized likelihood, while RANDOM4 uses maximum entropy (see 
Section 2.0, Theoretical Background). RANDOM3 and RANDOM4 input parameters are 
given in Table A2.1. 

TABLE A2.1 RANDOM3 and RANDOM4 input (SI units) 

FORTRAN Distribution 
Name 

SF 

NMF 

so 
NMO 

S 

SIGO 

SIG 

XXN 

XXM 

- 

=Q 
TF 

10 

T 

Type 

normal 

lognormal 

lognormal 

lognormal 

lognormal 

lognormal 

I O g n W  

normal 

normal 

nonnal 

normal 

nonnal 

nannal 

Meall 

900.0 

8.0 

500.0 

7.0 

250.0 

-20.0 

150.0 

0.5 

0.5 

0.5 

1500.0 

20.0 

850.0 

7 

S t a n M  Deviation 
(Value) (% of Mean) 

45.0 

0.8 

25.0 

0.7 

12.5 

-1.0 

7.5 

0.015 

0.015 

0.015 

45.0 

0.6 

25.5 



The input is entendinthefollowingformat in a file 
entitled N0RMAL.INP. 

1234567890 1234567 890 1234567890 1234567890 
1 40 

9 o o . m  
8.oooO 

500.oooO 
7 . m  

250.oooO 
2 0 . m  

1 5 0 . m  
0.5000 

1500.oooo 
20.m 

850.oooO 
21 0 
2 

45.oooo 
0.8000 

25.oooO 
0.7000 

12.5000 
1 .oooo 
7.5000 
0.0 150 

7 5 . m  
0.6OoO 

25.5000 
20.00 1.OE-05 30 

Execution ofRANDOM3 and RANDOM4 (source code entitled NR3.FOR and 
NR4.FOR, respectively) produces files entitled RANDM33 and RANDM44. These give 
intermediate results (see Appendices B and C). Execution also produces plotfiles entitled 
PLOT1 and PLOT2 (see Appendices B and C). These files are used to plot the X and Y 
axes of the probability density function @.d.f.) and the cumulative distribution function 
(cdf.), respectively, generated by RANDOM3 and MNDOM4. The plots are drawn 
from the plotfiles by the SAS/GRAPH graphing program (see Appendix D). These plots 
far the sample problem are shown Figures 1,2,3, and 4. This same sample problem has 
been reported in Boyce and Chamis.7 Thm, however, it utilized U.S. Customary units 
and older versions of RANDOM3 and RANDOM4 (using IMSL Version 9.2 subroutines). 

a 



5 6 7 8 9 10 

LOG OF CYCLES 

Fig. A2.1 p.d.f. of log of mechanical cycles for fatigue strength reduction model, 
using maximum penalized likelihood method of p.d.f. generation. 

5 6 7 8 .  9 10 

LOGOFCYCLET 

Fig. A2.2 c.d.f. of log of mechanical cycles for fatigue strength reduction model, 
using maximum penalized likelihood method of p.d.f. generation. 
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Fig. A2.3 p.d.f. of log of mechanical cycles for fatigue strength reduction model, 
using maximum entropy method of p.d.f. generation. 

S 6 7 8 .  9 10 

WC OF Cyctp 

Fig. A2.4 c.d.f. of log of mechanical cycles for fatigue strength reduction model, 
using maximum entropy method of p.d.f. generation. 

10 



I 
I 
I 
i 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 

5.0 REFERENCES 

1 IMSL, "STAT/LIBRARY, FORTRAN Subroutines for Statistical Analysis", Houston, 
Texas 

2 SAS Institute, Inc., SAS/GRAPH U&s G- ' * Cary NC: SAS 
Institute, Inc., 1985,596 pp. 

3 Madsen, H.O., "Bayesian Fatigue Life Prediction," Probabilistic Methods in the 
Mechanics of Solids and Structures, S. Eddwertz and N.C. Lind, Eds., Proceed ings of the 

Svmmsium, Stockholm, Sweden, 1984,pp. 395-406. 

4 Hopkins, D.A. and Chamis, C.C., "A Unique Set of Micromechanics Equations for 
High Temperature Metal Matrix Composites," NASA TM87154, Nov., 1985. 

Relationships for Structural Analysis of High Temperature Metal Matrix Composites," 
NASA TM 87291, Nov., 1985. 

Chamis, C.C. and Hopkins, D.A., "Thermoviscoplastic Nonlinear Constitutive 

Siddall, J.N., "A Comparison of Several Methods of Probabilistic Modeling," 
nes of the ComDuters in Engineering Co nference , ASME, San Diego, CAY Vol. 4, 

1982, pp. 231-238. 

Boyce, L. and Chamis, C.C., "Probabilistic Constitutive Relations for Cyclic Material 
Strength Models," jbce&gs, 29th Structures. Structural Dynamics and Materia 
Conferencs, Williamsburg, VA, 1988. 

I 

1 1  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6.0 APPENDIX A 

PHYSICAL QUANTITIES, SYMBOLS, AND UNlTS 

The physical quantities, their symbols and units for the fatigue crack growth 
model are given in the following table. 

Table A2.2 Physical quantities, symbols, and units for fatigue 
crack growth model for RANDOM3 and RANDOM4. 

Physical 
Quantity 

Ultimate Tensile 
Strength 

Final Cycle 
(lifetime) 

Refmce  Fatigue 
Strength 

Reference Cycles 

Current Fatigue 
Strengths 

Residual Compressive 
stress 

Current Mean Stress 

EmpiricalMa&al 
Parameters 

Melting Texnpemm 

Reference 
Temperature 

Current Temperature 

Theory 
Symbol 

SF 

NMF 

so 
NMO 

S 

0 0  

d 

n 

m 

Q 

TF 

To 

T 

FORTRAN 
Nallle 

SF 

NMF 

so 
NMO 

S 

SIGO 

SIG 

XXN 

X X M  

=Q 
TF 

m 
T 

1 2  

units 
SI U.S. 

MPa ksi 

dimensionless 

MPa ksi 

dimensionless 

MPa ksi 

MPa ksi 

MPa ksi 

dimensionless 

dimensionless 

dimensionless 

OC O F  

O C  O F  

OC OF 
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7.0 APPENDIX B 

RANDOM3 SAMPLE PROBLEM SOURCE, INPUT AND OUTPUT FILES 

13 



I 

I 

! 
! 

I 

i 
I 
! 

! 
I 

! 
I 

I 

I 
i 

I 
I 

I 
j 

I 
! 

! 
I 

j 

ORIGINAL PAGE 9s 
OF POOR QUALtTY 

I 

r)rq 
mt.7 

........ ......... ........ .......... 

i i p r  
ri>n 
N n 
ri nr 
ci  c n  ............ 

*. .-.-.-.*.- ............. ............ 
! 
I 

i i  dr 

t i c r i  
t 1 m 1  
t I .J' I 

oooooooooo 
no6ooooooo 

00 00 
o m  ' 00 

o w  
00 00 

00 
00 

o m  I 

8: oodooodooo I 
noaoc1ooono 

LII 
w w w 
w w bI 
111 w w 
LIILUWIIIWILIW 

t 

I 
I 

I i . .1. .. ::I: 
i I! i r  j 

i 
i 

I 

I 

I 

L !  L L 'v 3 



~ ~~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ORIGINAL PAGE IS 
OF POOR QUALITY 

! 

! 

i 

w 

I 

-: 
I-. 
0: 

i 
1 

I 

! 

I 

i 
! 
I 
I 

i 
I 

I 

! 
I 

ir 

I 

I 

0 

N * 
a 
t 
X C  

n 



b 

! 

I 

! 
I 

I 
I 

I 

I 

i 
I 

I 

! 
I 

I 

I 
! I 
I 

I 

I 

I 

! 

I 

I 
I 

! 

I 
I 

I 
I 

I 
I 

I 

! 

I 

A 

3 t 

. 

I 

I 

1 

! 
I 

I 

I 

i 

i 

I 

i 
I 

! 

I 
I 

I 
I 

i ! 

I 

i 
i I 

I 

v) 

I 

! ' . 
v) 
z 
0 
H ! I- 

3 r z 
-I 
x 

I - -  
Ov) 
+-W 
Z . J  
..U 

I _-L 

o h a  ::s 
" J  

I 

. -  . * I .  

a ' "  i: 

c 
e r 1  0 r.1 0 

c I 1 : O J  
3 j C I  
C I  '2 c1 

i 

P J  
0 
C.J 

16 

0 
* ,  9 ; :  



I 
I 
I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
1 
I 
i 
1 
I 
I 
I 

c 
I 

i 

I 

I 

! 

1 
! 

1 
I 

! 

i 

! 

1 

i 

I 
I 

1 
i 

! 

I 

i 

4 

I 

I 
I 
I 
i 

I 

I 

j 
i 
1 
i 

i 
I 
I 

i 
I 

I 
i 
1 
I 

I 
I 
I 

I 

I 

! 
! 

i 

/ 
I 

I 

I 
1 

! 

I 

! 
I 

1 

I 

I 
! 

I 
I 
i 

i 
! 
i 
I 

i 

! 

! , 

i 
I 

I : I  
! 

t 
2 
X 

P 
0 
J i . .  

! L  

I eo 
OC 

Y) 
0 
r d  

\ a  
r ol > z  

W 

4 ., 



0 I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 

e .  
I 
I 
I 

I 

i 
i 

I 

i 
I 

! 
I 

! 
! 
I 

I 
I 

I 

; 

I 

1 
I 

! 

! 
i 

I 

I 

! 
I 

I 

I 

I 

i 
! 

I 

i 
I 

! 
I 

I 

I 

i 

I 

! 

i 
I 
I 

i 
I 
I I 
I 

! 

I 

I 

1 

I 
I 

i 

i 

8 

I 
I 1 
i 

1 I 
i- 

I 

! 

... 
CJ 
W 
c 
z 
I- 
m 
I iJ  

m 

a 
H 

U 

L 
CI 
0- 

I u 
U 
I 
3 

t a 
v) 
W 
-I 
0 * u 
I- 
X 
W 
Q: 
Lx 
3 
V 

'K LL 
c a 
'V c'. . 

cn 
W 
J 
V * 
0 

I- 
% 
W 

3 
W 

IA. 
0 

0 
-I 

LL 
0 

a 
a 

a 

W 
ci v) . L-4 

91 

I 

u s  
x z  ! 

! 

r i m  CL o. 
o ri o ri 
- 4  0 c') 0 

ti ri 
vJo 

I 
UV 0 

f 

I 

f 9)  
3 '3 ' . t  (i b 3 3 



4 I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

i 

I 
I 

! 
I 
I 

I 
I 

! 
i 
! 
I 

I 

! 

I 

ORIGINAL PAGE IS 
OF POOR QUALITY 

I 

I 

I 

. 
rr 
3 
L 
E * 
+ 

I) 
E 
D 

P 

> 
I 

D 
D 

D 

D 
I 
¶ 

I 

P I  

m 

a 

c 

L 

r n a 
L 

u 

9 

E 
0 

c, 
m 
rl 

e 

i 
j 

1 1  

f 

I 
t: 

L 

I 
I - 1  u) i 13 

.J I V 

j w 
I J IT: 

u) 
W 
-I 
U 

. :  

ti m P '  
1 0 .  0 0 .  
0 0 0.1 

M I U  

0. 31- 
0. juo 

1 1 C L l C I C c I  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

i 
i 

! 

I 
! 

! 
I 

t 

I 
i 

I 
I I 

I 

! 
I i  

I i  
I 

I 

11 
'* 
n . ... ! 

I 



., a .  . I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 

I 

! 

I 
I 
I 

I 

! 

! 

I 
I 

I 
I 
i 

I 
! 

i 
I 

, 
! 

I 

, 

I 

! 

I 

i 
I 

! 

i 
! 1 
I 

! 

! 

j 
i 
i 

! 

i .\ 
\ 

3 
111 
7 

L 

a r 
CL 
J 
U . 
m 
D 
u 
C 
K 
4 
0 
0 
B 
111 

v) 
4- 
0. 
L. 
40 
C 
o c  
c 

K 4  
U 

om 

m 

t? !z 
0. /: . 

' b7 ! ' 0  . ,.  

4 r . U  zzz 

w c w  
J W T  
t-44 

\ 
cc 
V z 
'c 
U 

w w 
W 
ilJ-1 

L O J J  
nzaa 

c 
c 
, a  

M 
I 
1 



I I 

1 

, 
I 

I 

I 

! 

t 
s 
i 
T 

1 
i 
I 

.A 
1L. 
a 

I 

I 

1 

j 

! 
I 

t 

I 
I 
I 
I 
I 

I 
1 

, I 

I 
! 
I 

I 
I 

I 
I 
I 
! 

! 

! 
I 

I 

I i 
I 

r( 

0 
0 

+, :; 
=I .4 

u x  

I 

1 

I 

I 

I I 
! 
I 
! 

f 

I I 
! 
I 
1 
I 

I 

i 
I 

I 

I 

i 

I 

i i 

. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

I 

i 
I 
I 

I 

I 
i 
I 

I 

' P  

! 

I 

I 

I 

I 

! 
I 
j 
t 

! 

.. 
\ 

. . -  
V) I (oc 
t ' xcI..4 

t 
.rl 

.rl 
C 

u 
1 
m 
t 

Jz 
R 
a! 
E 
c, 
a! 
v) 

b ,  

4 
! r: 

c 
n 

. .  

f j  N 

2 I 2 - T  i 

-I I c - ' - l  

-060 
d . . . I  

OtlO OCZ 
Z- I  I .m 

. n l  a w  

0 

I1 

U e 
t 
t 
u 

LL - 1 2  
c( I w  w 

m 
0 '  r ( I  0 

M 

u 

I C  

0 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Ij L. 

! 

! , 
I 

I 

i 
1 

I I 
I 

! 
i 

I 
I 

c 

I 

I 
I 

I 
i 

I 

I 

! 

I 
! 

I 
i 
I 
! 

I 

I 

! 

;L 
3 

1 . 4  
I on I I1 ! 

i 
I 
I 
I 

! 
! 

! 
I 

I 
I 
! 

io W 

z 
W 
D 

' C  
' m  

tn z 
W 
u I 1  

- m  

I: 
I d  

tn 
k-G 
t x  
tnm 

1 

# 
t 
1 

I 

I 
! 
P 
t 

I 
! 

e 

I '2 

I -  - 
-4 

Y 

tn 

Y 
>c 
3 000 ... 1 

I 
ti- o 
I1 u u - w  o 
rn3 
Z Z  I1 

0 w- 
0.c-A' - 

tlLr 
0 on- 
m o w  

tzz 
x w  
WG2 

,' . 
Y d 

5 
I 

Q 
rs II 

UI I w 
0 
0) 

> > 

13 
I 

1 ,  

c i iL L 



e 

I 

t 

I , 

I 
I 

j 
! 

I 
, 

_-... 

I 
I 
I 

I 

I 

~ 

! 
I 
I 

I 
I 
I I 

I 

i 

! 

! 
I 

f 

I 

! 

1 
! 
~ 

i 
i 1 
i 
I 
i 
i 

I 

I 
I 
I I 

I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 

I 

I 
1 ;  I 

I 

4 
L 
n > 

.P 
* c  

C 

,a 

4 

c 
m 
e 

'EX : 
2 1  

+* 
W 

a. 
-i 

If 
L 

3* 

u 
m 
J 

. 
I -  

d 

n > 
W 

XI- 

20 
I" 

0 

0 

n 

I 
I 

Z J J  

UOU 
oaa 

ea 
00 I 
W P  I h O I  

- r 4  7 . .. 

i. 0 

I I: I 4-4 I 



I 
I 

I 
I 
j 

I 

I 
! 

i 
! 
I 

! 

rk .. 
0 
OJ 
r. 

; .  
3 
v) * 
4 -  

, 

1 

I 

I 
I 

! 

! 

I , 

I 
i 
I 
I 

! 
f 

I 
i 

j 
1 

i 

! 

I 

I 

i 

! 

I 

I 

! 

I 
, 
! 
I 
I 
1 
i 

I 

! 
i 

i 

I 

i 

! 

I 
i 
j 
1 
1 
! 

i 
i 
I , 

i 

I 
! 

! 

I 

i 
i 
i 
! 

I 
I 

I 

! 
I 
! 

, . .  , 

i 
1 
! 
I 

i 

! 

i 
I 
! 

I 
I 



~~ 

. I  . .  

. 
0 
0 
4 

n 
+' . 
L 
0 
.4 
L 
0 

3 
m 

t -. 
W z 
0 
W 
0 

+' 
c 
0 
U 
0 

-3 

m 
L 
PI 
-@ 
c 
-I - 
L 

n 
e 
W z 
V 
W 
E )  
U 

u 
=I 
U 

. 
e 

. J . .  . .  I 
I 
I 
1 
R .  
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I ! 

QRlGlNAL PPGE 15 
OF POOR QUALtTV 

4 -4 
-4 

- 4  -4 .., *-Id 4 - 4  7 4  -. - 4 - , r * H r 4  .. .*-4 44 ...... 4.4 .... a 4 
44 
4-4  

4 .* 
4.4 ~ 

! I 
' 9- 

0 4  

'.r T-r 't.17 7 4 .t q 0.1 O 7 
07 
0 0  
0 9  
7 Q  

't P O  W O  77  0 

7 0 P Pd 0 9 't 0 07 PT 4 

! 

* I  
-rP00?770 

I 
i ..................... ..................... ........ I ........ .la ......... , ............ 
/ 

t- 
).. L c+ LI- '- 
I- 
I- 

Irl 

z z 

z 
z 

-4 
-4 
M 
-4 
-4 
-I 

W W 
w w ILI 
w w w  
l t I  w w 
bJIJWWWWlt1 

ooo3c)ooooo i 
c)03nonorjoo~ 

00 do 
00 00 
no 1 00 
00 00 
00 0- 
D30 00 oodooooooo 
0000'3~30~03 ! 

I 

uu 
uu I 

! 
I 

i 

I 

26 

I 
I 

I 
I 

I 

i 
1 

I 

, 
I 

.. .. .. .. I I 

I i 
I 

i ! 

, I 
! I 

I 1 
i 

! 

b 

I i 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 

.I .’ 

I 

! 
I 

I 

I 

! 
I 

i 

! 
i 

! 

i 

I 

I 
i 
I 

1 
! 

I 
I 

I 

I 
I 

I 
I 
I 

j 

i 
I 
I 

I 
I 
I 

I 
! 
i 
I 

I 

I 

! 

I 

I 

I 

! 
1 

I 

I 
! 
I 
! 
I 
1 
i 
I 

! 
I 

i 

i 
i 
j 
I 

I 

I 
I 
I 
I 

i 
I 

1 
i 
I 

I 
I 

> I .  
8 . , I  

I 

I 

I 

1 

I j 
I I 
1 i 

! 

! 

1 
I 
I 
I 

I 

! 

i 
I 0030300300~ 

c3030300000 
30333300003 
0 3 3 3 39 3 In0 3 3 .......... .n 

I 

! , .-vi 
’ r i  
I 

27 I 

i 
I 

c :,: 



I 
I 
I 
D 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 

I 

I 
I 

ORIGINAL PAGE IS 
OF POOR QUALlTY 

i 
t.& t. 

! 

I 

I 
I aaea aa 

aaaa aK 
Ka aa La ua aa aa 
ua aEaa 
PP u.aaa 
ae an aa act 
aaaaaamaaaaeaa 
atzaaaaaauaaaatz 

I 

I 

sr 
t-l- t-b- t- c - c  
I- 
I- 

i 
I 

. . . .  . . . .  . . . .  . . . .  

I 
! 
I 

I 
1 
I 

I 

I 

1 
I 
I 

' ,  2 - 

I 
aaaK Ita 
KQQU a& au 

a= au aaza 
aK aaee ua ea ap: 
Pu. oa 
acaaaaaaaaaaaa; 
IK tt. we o. a a ea o'a a a a 

aa uu I I 

I 
I 

z z  zzzzzzz  

I 

! 

j 
! 

, 

I 
I 

28 

I 

! 



I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
i 
1 
I 
I 
I 

I 
i 
! 

! 

! 

i 

I 

j 

I 

i 

t 

I I I 
I i I 

I 

I 

! 
I 

I 
I I 
I 

I 

! I  

! ! 

! I 
, 

Od00dkO6 
I 

1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i I 

I 
i 
I 
I 
! 
I 

1 
! 

! 
I 
I 
! 

i 
! 
I 

i 
I 

I 
I 
I 
I 

i 

I 

I 
! ! 

I 
I 

f 

i 

! -  

I 

1 

i 
I 
i 
i 

i 
1 I 
I 
I 
i 
i 
i 
i 

. . . . . . . . . . . . 
d+dOt+OO oobooo+o 

I 

8?????!! I 

0+00d~OQ c;OOcitiOc$ti 

.I 



I , _  . . .  

I 

I 
1 

ORIGINAL PAGE IS 
OF POOR QUALITY 

I 



d l  I 
1 
1 
I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
R 
1 
I 
I 
I 

* , -  j 

i 

1 

I 
! 

! 

! 

I 
! 
I 

1 

i 

I 
I 

I 

I 
i 

! 
I 

. .  . .  . 

I 
I 

I 

I 

! 
I 
I 
i 
1 
i 
! 
i 

1 
I 

1 

I 
I 

j 

I 

I 

! 
I 

! 

I 
I 

i 

1 

! 

j 
I 
i 
I 

I 

1 
j 
i I 

ORIaMPlL PAGE IS 
OF POOR QUALITY 

I 

I 

I 

.: ii .. 

I 

v) 
IE 
lll 
1- 

i 

32 
., . , -  1 '. ' 



I I 

. ,  i 
I 
I 

ORlGlMkL PAGE IS 
OF POOR QUALITY I 

I 
I 
I 

I 

I 
I 

. . . . .  .L ....... ! 

....... .L ......... ! 

............... ..................... 

! UtkUU 

I 
I 
1 
I 
I 
1 

I 
v U ! ! U'3 

I VU 
uv C? L' I st! 

I 

C l V  

vu 
vu vu vu 

uu 
uu 

' uu vu 
I 

uuuuuuuuuu 

Ill i h k i  Ill w 
Irl w Ill ww w w . . .  . . .  . . .  . . .  

mmm 
mmm 
u m m  
o m m  
o m u  
mmm 

I mmo 
m m a  
mmm 
CYcrJU 



I 
I 
I 

, 
1 I 

i 

i 

\ 
I 
1 
I 
, 
! 

I 

i 
1 
! , 

! 

I 

i 

, 
I 

I 

I /  
34 I 

! 
I 
i 

I 

i 

I 

I 

I 

I 
1 

i 
I 

! 

I 
i 

I 

I 

I 

I 

1 
I 

I 
I 

I 
j 

I 

I 
I 

I 
! 
I 

I 

, 

! 

I 
I 

I 

I 

I 

I 

! 
i 
! 

! 

i 

I 
! 

! 
I 

i 

, 
1 

! 

I 
I 
1 

! 

I 
! 

I 

i 

! 

- *  . .  

I 

I 



I 
I 

I 
I 
I 
I 
I 

I 
I 

1 
I 

Y Y 
e4 u u u Y Y Y 
U w 

r u  r 
L L K  
L *e 
K r u r a r r  L I  

Z Z Z Z f Z Z  

ZZIZZZZ 
z 

8°000" 8 
00000" 

0 

Z Z Z Z  z z  f 
2 zzzzzzz 

cccccc E 

ORIGINAL PAGE IS 
OF POOR QUALITY 

LE 
K L  LL 

EEEE 
L K  

LL EL LL LL pa': 
LL L 
LLLLLLLLLLLLLK a u ~ ~ r ~ u ~ r ~ r r r r  

LLLL LL 
LL 

ii 
LL 

LLLL 
t t L L  

LL 
LL 

il 
LL 

L L t t  LLLLLL 
LLLLLLLLLL 

v u  vu vu vu 
vu vu 
vu  vu vu vu 
vu vu 
v u  v v  
vu vv EEEEEEEEEE 

. . . .  . . . .  . . . .  . . . .  

35 



I 
I 

II 
I 
I 
1 
I 
I 

I 
i 

1 
I 
JII 
1 
I 
1 
I 

0 

~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

36 



I 
I 

I 
1 
I 

I 
1 
I 

8.0 APPENDIX C 

RANDOM4 SAMPLE PROBLEM SOURCE, INPUT AND OUTPUTFILES 

I 
I 3 7  



ORiGJMAL PAGE IS 
OF POOR QUALtTY 

t- 

2 +' 
w '  n 

b l b 3  bY K > b l  b7 
I * > L l  I lJlIF)blbl  
b? b-l b 1 U J  b i * , l  
I,>b-l 1 , 3 1 9 1  b l @ * 7  
b l b l  b?:. li) b> 
b)b3 nri, b i  b7 
111113 b;aliJ VI  b3 
b l h l  b2b1 bY'J3 
b l  b J bl LI ;b> 11 I 
ti) I l l  IF) L I l  b> b7 

bY b l  
Li) b> 

! 

.................... .................... .................... .................... 
! I 

! 
A 
L i i  

! 
1 

! 

1 

I 

I 

1 

38 

i 
! 
I 

I 

! 
j 

I I 
i 
j 

i 
! 

I 

I 

. 1  I , 

.. .. .-  .. 

I I 

C Y  w r  



. . e  e 

I 

I 

I 

6 

I 
: 
I 
i 
I 
1 
I 
I 
i 
I 

I 

I I 
Y 

. .  * : , r .  . 
i 

I 

i 
I 
I 
, 

I I 
I 
I 

i 

I 

I 

I 
I 

I 
j 

I 
I 
i 

i 

i 
I 

i 

c 

I 
I 
1 

ORIGlPlAL PAGE IS 
OF POOR QUALtTY 

i 
I 
I 

I 

I 

I 

i I ?  e 

N * 
r 
XN \* 
u)* 
XCO 
-Z- +* 
40 

!! 

31 

90. 
00. 
04 
4 -1 . -01 

C-W 
I ne 
KWKl  
K 3  

om-i 

aau 

, I 



I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
I i '  

, 

1 

! 
i 

i 

i 

! 
I 

I , 
I 
I 
I 

! 
I 

j 
I 

j 

I 
I 
I 

I 

! 

I 

i j 

I 
1 
j 

, 

I 

I 

I 

I 
I 

i I 
, i  s 
I- 
2 

i 

I 

I '  
I 
I !  

I I 

I 

W =. 
cn 
Q 
W 

tL 
E 
0 
V 

e 
0 
IJ. 

Ou) ww 
-3 
C n 4  

cn> 

c( 

a 

-a  
* 

D 
D 

v) 

-I- 
v)O 
m e  
w z  
i r -  

c 
WWW> 

w x  
wu) -1 
U U f >  
2-X. 
wm-. 
KO*< 
w o o <  
LdO. 
ul -.d 
PO -. 

u r n .  
AWWL 

YKWO 

z 
3 
3 
-I 

U 

acoc 
=ma+ 

zma: 

h i g  U 

A 

I- 
O 
I- 

T J 
It * 
n 
It 
c 

- W  
I> 

IlI l  0 
VIz t 

'I 7 
I 

m : I :  2 
... 

k I 



.. 
i 
j 

! 

! 
I 
! 

I 
! 
! 

! 

i 
I 

! 
! 
! 

! 

I , 

1 

I 

I 

I 

1 

I 
I 
! 
I 
I 

I 

I 
I 

I 

I 
I I 

i 

I 
I 

I 

i 

I 
I 

i 
I 
I 

i 
I 

;1m 
e w  
+a 

4: 
X 3  

1 
I 
1 

I 
i 
I 
1 

I 
I 

! 

I 

I 
I 

ORIGnvAI PAGE IS 
OF POOR QUALITY 

I I 

I 

! 

I 

LL 
c 
W 

3 
I- 

- 
a 

a i  
a i  

.wI- ! 

%E i 
:E I: 

b + 



I 
1 
iI 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
1 
I 

t t  3 1 )  
I 

(aRIGNAL PAGE is 
OF POOR QLIALtTY 

! I 
! 

i 
j 
i 
1 1 
8 

I 

I 
i 

I 
, 

I 
I 

I 
I . > 

n 
a c 
(D 

W a 

a 

a 

E 
8- 

tL 

2 

W 
L 
I 
V 

W 

0 c 
cn 
W 
A 
0 
%- 
0 

a 
a 

i 

! 
X * i* I 

I 

I r 

F- 
0 

I I- z . s- 

- 
-I- 
n. 

1 .. .ri 

5 
i C' fJ 

0 
a D J  

o u  
r J  * =  J Vf 4 u 

Y 

(I 

0; 
a 

d b N' 

C l 2  
V 

I 

.I ? :!I.- 

i 



~ 

c I 
1 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I 

I 

I 

! 

! 

I 

j 

f 

I 

i 
I 

! 
I 

I 

i 

I 

i 

i 

I 
! 
I 

I 

I 

i 
i 

i 
I 

! 
! 

i I 

I 

I 

I 

6 

I 
I 
i 
i 
I 

i 
I 

i 
1 

~ 

I 

i 

I 

i 

I 
I 

i 

i 

I 
1 
I 
/ 

i 

! 

I I 

I 

I 

I 

I 

I 
! 

, 
! 
! 

i 
I 

I I 
I 

! 

! 
I 
I 

I 

I 

! 
4 

I ; 
ii 
(3 

3 

ORlCtlNkL PAGE IS 
OF POOR QUALTTY: 

, 

I 

! -  
I 

, 

! 

J 
I , I 

I 

f ._ 
Y 

r z 
x 
W 
0 
J 

a 
0 

.. 
I 
I * 

lv) 
CI 
Z 
ffi 

a 

a 
W a 
0 
W 
a 

m 
W 
0. 

p - ; :  
c I 



i o  e 4 3  e I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
1 
1 
I 
I 

' I  
i 
I 

I 

I 

i 
i 
i 

I 
! 

i 
I 

I 

4 

I 

I 
I 

I 

f 

i 
I 
i 
I 
I 

I 

1 

i I 

i 

I 

I 

I 
! 

I 
! 

1 
I 

I 

I 

I 

r 

(n 
K 
W 
I- 
W 

U 
ao 
J C  .a 

I W 
I 

I 

tj,WU 
44 



0 

# 

I 
I 
I 

i 

I 

I 
i 
I 

. 8  I 

! 

I 

! 

I 

I 

1 

i 

1 

i 
I 
1 i 
I 

i 
I 
I 
I 
! 

I 
I 
I 

! 

I 

I 

I 

I 

I w ;  z 
l-4 

I 

0 - 1  
k t  L 

I 

U e 
a 
4 
c 
3 a. 
2 

W 
I 
c 
W 
e 
LL 
3 

U 

U 

! 

0 

! *  u i u  

I I 



Y 
! 

, 

I 

4 

! 
I 
, 
I 
! 
i 
I 
I 
! 

i 
! 

I 
I 
I 

I 

I 

h 
-I 
W 
X 

X 

r 
W 
I 

U 

I-- 

x 
-I 
LL 

W 
(L 
0 
c 
in . 
L 
0 
z 
3 
lI. 

I- 
& c 
0 
'r. in 

W 
z 
Y 

T 
Y) 

U - 
U 
Y 

J 
a .- 

r 
4 t 4  
I t4 

rQ 

.W 
J C  
t u  

z 

L A  

4 .  

I- 

4 

.a -- r 
t l  

>b .1 
.ah. 
J Z O U  
--tC 

CIA04 
t u w 3  

. .  

.. I 

* c  

U 

c 
T3 
0 
a 
iEl 
3 
in 

(L 
0 

I l I .  
(L 
0 
LL 

a 

J 

r 
t 
0 
in 

a 
& 
W 
3 
0 

IL 

b- 

c, 
a 

1 
I 
I 

1 -. j: 
u m 

' v )  

. x  
- 

I 

I 



. I  

i 
I 

I 
I 
! 

! 

1 

i 

I 

I 
I 

I 
I 

! 

! 

I 

! 
, 

j 
! 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 

I 
I 
I 
I 

dr 
W 
c- 
U. 

I 

JI -. 
w 
0 

e. 

d + 
7 

I 

L 
5 

I 
i 

i 
I 
i 

I 
i 
I- N 
!Y v) 

i 

I 
c 
f 

& 
I , i c  
I 

I d 
d 
4 I z 

$4 
c 
IC 
W 
W z a a * 

I d  
Y 

I 
-I 

* 
0 * 
t- X 

v 
0 
d 

e 
W 
H 
J 

2 
I- 
J 

L 
x 

(I 
2 

W 

-1 

I 
I- 
O 

W 
N 

W 
I 
I- 

W 
J t  
l a  
: J  
4 3  
- 0  

> 0  

a 

a 

a a 
a 

H 

a 

L4 

'tl 
t c5 

3 - I  

j 
.CY I .. . . 
io: 18 
ou w j 

x w  
IX * 

- - IN a 
c k 
J + 

I 
I 
I 

I 

0 
0 :-!uul 

I 

1 :  ! 
I I 

- n  .. .t; 



0 , r. ,. u c  I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
I 

5 :; 

! 

I 

ORlGrmAL PAGE IS 
OF POOR QUALlfV 

I 

I 
: i  

I 

I 
1 

II n I( I I  I1 I1 ll N II r+ 
H 
\ 
Y 
K 
0 
3 

e 
0 
2 

-I 
-I 
Y = 
a. 
W 
t 

n 
2 
a 
0 a 
W 
N 

* 
A 

W 
2 

u) 

VI 

a 
a 

U 

t 
W r 
1 

Q z 

II 

x 
r 
Y 

a 

t- 

S 
-I 

t: 
W 
I 

D-4 

H 

I 

W 
K 

m 
pc 
W 
Y 
-I e 
w 
I- 
d 
=I r 

a 

' a . j  
a x  
t- x .' 
1 . i r .  

r n w  . b- s 

I- 

;$ L1 
t W 

r T  

-- CI G5 I -  I 
W 
& 
U 
=I 
CI 
W 

z 
0 

t 
7 
m 
U 
a 
t 
rn 

a 

Y 

cl 
W 
c 
V 
W 
L 
x 
W 

W 
I 
t 

I- 
1 
0 

a 
m 

rn 
W u 
x 
a 
W 
J 
0 
t- 

a 

i 
x 
0 
U 
t 

c 
u) 

I 

t 

K 
I3 
W 
I- 
2 

LL 
0 

a 

a 

a 
H 

U 

K 
- m  

AI a 
t 
h 

ci 
U 
n t 

7 

f 
rn 
t 
x 
W 
L 
0 
X 

W 
n 
Y 

c 
a. 
0 

f 

w z 
H 
c 

a 

c& 
3 W  
rrn 

33 
i 

3 
t 

W 
2 
Y 
c 
J 
=I x 

a 

cn 
2 
t 

t- z 
W 
I 
0 
X -1 

d 
2 

d 
!!! 

LL 
W 
c 
2 
U 

w ('I 
't- z 
a c z  

J J  
r l . l  
L) u 

tm 
r-r 

Jb. 
t 0  

. .. .. 1 

i' 



1 
I 
I 

i 

I 

! 
I 

i 
! 

i 
, 
I 

i 

I 

i 

! 
i 

I 
I 

I 

! 
t 

! 

I 

I 

I 
I 

I 

I 
I' 
I 
I 
I 

i 

I 
! 
I 

I I 

I 
I 
I 

! v )  

i c L  

I u  W 

i 
I 
I 

I 
I 

. 

d 



I 

I 

! 

1 

I 
I 

I 

1 

I 

! 

! 

I 

1 
I 

I 
1 
I I 

I 

I 
! 

I 

I 

I 

! 

I 

I 
I 

! 

I 

i 

I 

I 

I 

I 

i 

I 
i 

I 

I 
I 

I 

! 

I 

I 
! 
I 

I 
i 

i 

I 

I 
i 
I 
I 
I 

I 
I 
I 

! 
I 

I I 
I 

I 

- 
U 
Y 

a I 

# 

L- I 
t 

r(' 

?# 

P. ' 

- ! .  
, .I 

4 '3 



u 1; 
i 
f 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

! 
I 

I 

I 

! 
I 
I 

I 

! 

I 

I 

i 
I 
j 

L 
I 

I 
! 

, 
i 

i 

I 

I 

I 

I 

I C )  
I i  

I 
I 

I 
I 
I 

f 

('1 
UC'J 

I 



3 

I 

u 

I 

I 

- 
(L . 

Y . 
m 
IC) 
11 

. 
.-I . 
A 

*-I - 
1 
W 
X 
X - 

3 

I 

! 

j 
! 
I 
I 

i 
1 
I 

! 
I 

ij 3 

IL: J I !  

I 

I 

I 

I 
i 
I 
I 

I 

GI 
u I  

- 1  
,'I 

i 
s !  

w 

= I  

r 

P 

P .- 

r e 



I 

I 

i 
I 
I 

1 
I 
! 
i 
i 
I 
! 
I 
i 

i 

I 

I i 
I 

i 

I 

I 

I 
I 

I 

, 

I 

I ! , I 

I 

I 
i 

I /  

1 -  I C. 

rl 

i 
I 

! i  
a 

a 
lL 
-I 

\ 
> 
CI 

I 

r 
r 

K Z  a =  
C 

A 

U 
Y .  



1 
I 

.* J 

I 

I 

1 

I 
I 

! 
! 

! 
I 
I 
I 

I 
I 

i 
I 
I 

i 
I 

I 

i 
I 

I 
I 

, 

! 
I 

I 
I 

I 
I 
! 

i 

I 
I 

I 

I 
i 
j 

ORIGINAL PAGE IS 
OF POOR QUALITY 

I 

I 
I 
I 
I 

i 

, 

I 

I 
i 
1 
1 
I 
I 

L 
cz 

, *  - , r.1 
0. 

' f l  
0 I I  
r3 -  I II . 

0 
0. t.) 

rL W 1 w ' -  
LL H W J ! .  

21 
0' 

u): 
XI 
W: 
t: 
U l  
01 

U 

J J .I .t .b 



e 
! '  

i 

I 

I 

i 

I 

1 

I 

I 

1 

I 

I 

I 

I 
i 
I 

I 
! 

1 

I 
! 

I 
i 
I 

I 

I 
I 
I 
I 

I 

I 

I 

.I 

V 

c 
-> .. . 

+ 
I ;c 

S 
3 
c* * 

, .*- I 
i 

0 

0 

4 . 
4 

V .  

rl L . i L .  -_. Y I  

I 
I 
I 

d l  
! 

U L j U W U  

, ., 
C e L C l C  



r, r, 
! 

I 

I 

i 
j 
I 

i 
I 

I 
i 
1 
i 
I 
i 
I 
I 

! 
I 
1 
I 

! 
i 
I 
I 
I 

, 
i 

I 

2.4 z c  

1 7 3 -1 7 

! 

j 

I 

i 
I 

! 

I 

i 
I 
I 

I 
I I 

i 

i 

I 

1 
I 

I 

i 
I 
i 
1 

1 

! 

I 
I 
1 

I 

-1 

I 

, 
I 

! 
I 

! 

I 
i 

I 
I 

I 
! 

I 
I 
I 

I 

I 

1 

I 

I 

I , 

j 
I 
! 
I 

I 

i 
! 
i 
~ 

I 

I 

1 
! 
i -  

1 
I 
I 
I 
1 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

I 

i 

0 
.-I + 

I 
I 

! 
I 

I 

I 

n 
-i 
1 

ut -  1 0  s a - I  o r 4  
x o - 1  
I - iA  2 lr: ri 2 

I 

9 :  
I 

I 

! 



I 

, 

I 

1 
I 
1 
i 
I 

1 
I 

! 
! 

I 
I 

I 
I 

i 
i 
i 

j 

I I 
I 
! 

i 
i 
I 

1 

I 
, 

1 
i 1 ! 
i 

! 
1 

I 

! 

1 
I 
i 
I 
1 
j 
! 

I 

I 
I 
I 

I 

I 

, I 

I I 
I 
I 

I 

I 
r. 

c 1 z 
W 

m 
I L " 

! 

W 
G 
0 
L 

X 
LL 
x 

. 
a 
YZ . 
2 

a z . 
? 
G' 
wr 

i 

. 
a 
L 

.m 
J O  -c 
JO 
J ( 3  

I 

I 
t 

n 

I 



I ' I  
i 
I 

1 

! 

1 
I 
I 
1 
I 
I 
i 
1 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 

! 
I 

I 
! 

I 
I 
I 

1 
I 

I 

I 

I 

I 

j 

I 

I 
! 

I 
I 
! 

i 
! 1 
I 

i 
I 

i 

f !  

i 

:i 

! 
I 

a " l  u /  
:I 

! 
I 

! 

I : 
1 
I 
I 
! 

I 

I 

I 

I 

I 

I 
I 

I 

, 
I 

I 

i 

ii 0 

, 3 

i J  

i 
I 

I 

- 1  
1IJ 0 I 
t - r  I 

1 
a 
L 

a 

1 
C 
L 

b 

!! 

a 

k 

9 
C 
0 

U 

a a '  
I 

L 
L 
3 
-E) 
ilX 
K W  

I 



1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

c 

I 
I 
I 

! 

i 
I 

I 

i , I 

I 
I 

I 

I 

I 

I 
I 

I 

I 

i 
I 
~ 

I 
I 
I 
! 
i 

I 
I 

I 

! 

ci 
W 
Y 

w 
I 
I- 

u * 
h 

Y 
I 
7 

0 
v 

b 

(D 
t- 

- 2  
J W  
L E  
- 0  
z t  
r w  
C l  t 
X t  

Y I 
I 
I 

' I  

u a 
LL 

' *  

- 
0 
t u 
LL 

' \  
7 . -  
* - I  * -  

v 

! 
A I 

L 
I -l I1 

I :  
I .  

vu J LYu 
I - i.J 

? . ?  



I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
i 
I 
I 
I 

1 8 .  

I 

! 

I 

I 
! 

I 

i 
I 

I 
I 

I 
I 
i 
! 

I 
! 
! 
I 

I 

I 

I 
4 

I 

! 

j 
1 

i 

I 
I 
I 

i 

I 

I 
I 

I 

! 
! 
I 
i 

2 
3 

!i 

2 
3 

U 
cf 
I 

W 
3 

cl 
c, 

r I 
! 

z * * 
u) '. .. 

0 z 

z 
z 
0 

ul z 
W 
r 
n 

n 

n . 
ul 

a 
- d  

3P 

3 0  
-t 

3 0  
10 

4 
Y 

a 
4 

i .  

mom. 
60 

.. . 
3 

I , I 

0 I  I I I I . I  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 

! 

! 

I 

I 

1 
i 
i 
I 

1 
, 

1 
i 
! 
! 

! 
! 

! 

f 

I 

j 

i 
I 

, 
I 

I , 
i 

I 
t 

, 

I 

, 

i 
I 

i 
I 

I 
i 

I 
I 

I 
1 

i 
I 
i 
I' 
I 

I 
t , 

i 
I 

1 f 

! 
i 

! 
I 

k -  ! b.4 . 

- _-. 

- * 
.d 

I 

i 
I 
I 

- 1  

I i i 

-.I .. 
c 



ORIGINAL PAGE IS 
OF POOR QUALITY 1 

1 
I 

I 
! 

! 

; 
I 
I 

I 
I 

i 
I 
! 
i 

I 
I 
I 
I 

i 

I 
! 
i 
I 

i 
! 

I 
I 

I 
i 

~ 

I 
I I 

1 I 
1 

I 

I 

' .. 

0 
1 ..I 

- 1  I 
.J I 
-1 I 
1-J I 

I 
I ........ ........ ........ ........ 

............ 1 ........ .I.. ........ .I.. 

............ 

* c I 

zzzz 
Z X Z Z  

zzzz 
XZZZ 

t-4 u 
c 4  u 
HUUHl 
C 4 U U U I  
uu 
UU 

I 

I 
I 

I 

I 

I 

I 62 

I 

- 1  .. .. .. 

I 

I 

I 

~ 

1 i 
I I 
I 

I 

- 1 1 1  . .  



, .  , .  

I 

! 

! 

I 

I 
! 

i 

I 

I 

I 
I 

I 

I 
I 
I 
i 

I 
I 

j 
i 

I 
I 
i 
I 
I 
I 
I 

j 

I 
i 

i 

I 

I 
I 
I 

I 
! 

f. ?:!; 4 

c 

i 

I i 
! 
I 

i 
i 

I 

I 

I 
I 
I 

I 
1 

I 1 
; 

i 

I 
i 

8 

i 

i 

i 

I 

! 

I 

I 

I 
I 

I 
t 
I 

, 

I 

! 

I 1 
I 

1 
i 
I 
I 

I 
I 
1 
I 
I 
I 

i 
i 
i 
! 
i 
I 

1 
I 
i 

I 

I 

I 

I 

I 

! 

, 

I 
I ! 

I 
I 

I 

! 
! I 1 

I 

I 
I 

i 

I 
I 

i 
i 

I 
I 

I i 63 I I 

. *  .. 



L L  - 

i 

i 
1 

i 
I 

i 

1 
! 
i 
I 
i 
! 
i 

! 

I 
I 
i 
I 

i 

I 
I 
! 

I 
! 
! 
! 

I I 
I 

, I 

ORIGINAL PA& IS I 

OF POOR QUALtN , 

a, i 
E 8  

-. .4 

. .  -.... .. ..... .... 
.- .. ._ .- .. .- .- .. .L .. ..._.... ........ .... 
.- ._ .: ._ .L .- ._ ._ .- .. .ow CL 

L I  

a 0. n u  
U L L  o n  
n an nn an 
-.TT- w.5- 
C. L L ,. &&- L 

t z  
2 

PZPZZZZ 

aacca ua 
eaaa aa 

aa 00: Ka aa aa a.a 
aa aamt 
au awxa aa aa 

I- 
t 

I 

i 
I 
I 

I 
I 

i 
I 

! 
I 

i 
i 

I 
I 
I 

- 

. . .  . . .  . . .  
, . .  

i 
i 

! 

4 

'64 



I 
I 

! .  
i I 

I 

i 

i 

I 
I 

! 

I 

4 . 4  .a .4 r(4 rr r( 

t 4  t t t t + t  
0 '130 00 0 0 

@ 4 Y b 9 h F . 9 h  

b0000000 0~00oqo;d 000cj;000d 



I f  I ' 1  
I 

I 

I 

I 

I 
I 
! 
! 

! 
I 

I 

I 
I 

i 

I 
I 

I 
I 
I 
I 
I 

I 
I 

I 

I 

sxssdxsx 
! 

i 
I 

i 
I 
I 

I 
I 

i 

i 
i 

~OdOOiC5O d000$~0d 0 ~ 0 0 0 ~ 0 0  

I 
I , . . . .  . * . :  ooooqooo ; 

O d O i 6 d ei i 
I 

I 
rr 
0 
I 

W 
2 
n 
r( 

i 

@@i0;000@ d0i0dObO 0 0 ~ ~ 0 0 0 6 0  
I I I 

i 



I 
I 
I 
I 
I 

I 

I 

I 

I 

! 
I 

I 

I 

I 

PI  

'88 

'L 
40 

i 

0 
0 
4 

0 
0 
Q 

8 

I 
I 
I 

I 

! 
I 

n I .  

J J 



. -0 
1 x 7 3  

' I  
I f  *. 

I 
I 
I 

I 
I 
I 

I 

1 
I 

I 

i 
i 

i I 
! 
I 
i 

I 

! 
i 

I 
4 

i 
i 

i 
I 

I 

I 

i I 

I 
I 
i 
! 
1 

I 

I 

I 
t 
t 

i 
! 
! 

t 

I 

t 
! 
I 
! 
f 
! 

I 
I 

1 
! 
! 
1 

Y 
Y 

+ 
II 

4 
c 
9, 

E 

d W  c >  
I- i H 

E 
U 
J 

LL n 

I 
' I  

1- 

Y Y  
I - +  

I 68 I 

- 1  . -  
J 



- 

I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 

I 
J 

I 

t 
t 

I 

1 

i 
i 

! 
! 
I 
i 
! 
I 

i 

1 

1 

I 

I 

i 
! 

0 

I 

! 
1 
I 

I 

1 
I 
! 

i 
I 

n n n d n  

c; @&Qfji d@dOe;O 
I I I I I I I  1 1 1 1 l I  

6 dddii+ Odd000 j00o;doo do00 0 0 ; 
I I ! I  . i s  

x i  6' 
8 ;  
2 :  

! 

I.c! 

0: 



i 
I 

I 
I 
! 1 
I 
I 
! 

I 

~ 

I 

i 
I 
! 
i I 

ORIGITVAL PA= IS 
OF POOR QUALtW 

b 
i 
n 

w 
t. 
.I 

f 
n 
i 

I 

; I  
I 

Qc;&c;c; 
I I I I I I  tidtiti 

I 

i i O 0 ; i  



J 

I I i 

! 
i 
! 
i 

I 

i 
i 
I 

I 
I 

I 

I I 
I 
I I 

! 

I 

I 

i 

I 
I 

I 
, 

I 
! 
I 

I 

I 

I 
1 

i 

. .  

-J IL 

I 

i 

I 
I 

I 

! 

0 .  

i I 

I 

71 1 
I 

Y c 



I 
I 

I 
I 
I 

* C  b 
o e a  
a a  
IC W D  rr R am 
D Qh 

ORIGlNWL PAGE ;S 
OF POOR QUALKY 

aaaa aaaa aa 00 
0.0 DO I 

D O  

a n  u a  , U L  pa no 
no no. 
naannaaan aaoaa 
n n.n. R n a rr u n,n an.&o 

72 ' 

.._ . L .. ._ . .- ._ .. .- 

._ ._  .. .. - .. ._ .- .. .- .._..._ ..._.... .... i 

._ .L ._ .L .. .. .- .- .- ! 

l aaaa ea, 
aa g g a a i  aaam 

an aa au aKaa o a  aaau ua aa I an na aaarxrxaatxaaarxrxtx, 
I ccccrzauaccccccaccaaK 

D'Q! 

onan 
naan 

DO.  0 0. o e  0 0  
0 0. a n  
0.0 cre 
D O  o n  
0. D 0 0  
n a a a a n n a a  

. .  . .  . .  . .  

1 

! 
I 

, /  

_I 

c w $  
i- 

b . *  



I 

I 

I 

I 

I 

! 

i 
I 
I 

i 
i 

i 

I 
I 

i 

.- 
-00000000000000000~000 x + t + + + + + + + + + + + + + + + + + + +  

' i  73 I i 

1 

I 

i 

I 

I 

i 

I 
I 

I 

i 
I 

1 
i 
I 

i 
I 

i 

f 

1 
f 

I 
I 

I 

I 

i 

j 
I 

I 

I 
, 
I 
i 

! 

I 
i 

i 



I 
I 
I 
I 
I 

i 

4 n 
.enuuuuu 
.a n 

i i  
LLLLLLL 

88 vu vu vu  
U V  

vu 
vu vu U V  
00 vu vv vu uu 
," " t: t: t: t: t: t: 8 8 

. . . .  
e . . .  . . . .  . . . .  

74 

0 



75 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 

9.0 APPENDIX D 

IMSL SUBROUTINE CALLS FROM RANDOM3 AND RANDOM4 

RANDOM3 

1 .  RNSET - 

2. RNNOR - 

3. R"L - 

4. DESPL - 

5 .  GCDF - 

Initializes a random seed for use in the IMSL 
random number generators. 

Generates pseudorandom numbers from a standard 
normal distribution using an inverse CDF 
method. 

Generates pseudorandom numbers from a 
lognormal distribution. 

Performs nonparametric probability density 
function estimation by the penalized 
likelihood method. 

Evaluates a general continuous cumulative 
distribution function given the ordinates 
of the density. 

RANDOM4 

1 .  RNSET - Initializes a random seed for use in the IMSL 
random number generators. 

2. RNNOR - Generates pseudorandom numbers from a standard 
normal distribution using an inverse CDF 
method. 

3. RNLNL - Generates pseudorandom numbers from a 
lognormal distribution. 
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10.0 APPENDIX E 

SAMPLE SASKiRAPH PROGRAM FOR RANDOM3 AND RANDOM4 

data a; 
INFILE 'PLOT1.CPR FIRSTOBS=2;input x y; 
GOPTIONS DEVICE=HP7470; 
proc gplot; 

axisl label=(h=l f=simplex 'LOG OF CYCLES') 
value=(h=l f=simplex); 

axis2 value=(h=l f=simplex) labehone; 
plot y*x / haxis=axis 1 vaxis=axis2; 
TITLE H=l A 4 0  F=SIMPLEX 'PROBABILITY DENSITY FUNCTION; 
symbol i=spline v=square; 

data B; 
INFILE 'PLOT2.CPR FIRSTOBS=2;input x y; 
prw gplot; 

axisl label=(h=l f=simplex 'LOG OF CYCLES') 
value=(h=l f=simplex); 

axis2 value=(h=l f=simplex) labehone; 
plot y*x / haxis=axisl vaxis=axis2; 
TITLE H=l A 4 0  F=SIMPLEX 'CUMULATIW DISTRIBUTION FUNCTION; 
symbol i=spline v=square; 
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